21 success; pedigree; population growth rate; individual reproductive value. 22 42 fitness metrics observed on individuals, and highlight that analyses of pedigree structure may 43 provide useful complementary insights into evolutionary processes and outcomes. 44 45
Abstract 23 Appropriately defining and enumerating 'fitness' is fundamental to explaining and predicting 24 evolutionary dynamics. Yet theoretical concepts of fitness are often hard to translate into 25 quantities that can be quantified in wild populations experiencing complex environmental, 26 demographic, genetic and selective variation. While the 'fittest' entities might be widely 27 understood to be those that ultimately leave most descendants at some future time, such 28 long-term legacies are hard to measure, impeding evaluation of how well more tractable 29 short-term metrics of individual fitness directly predict longer-term outcomes. One 30 opportunity for conceptual and empirical convergence stems from the principle of individual 31 reproductive value (V i ), defined as the number of copies of each of an individual's alleles that 32 is expected to be present in future generations given the individual's realised pedigree of 33 descendants. Since V i tightly predicts an individual's longer-term genetic contribution, 34 quantifying V i provides a tractable route to quantifying what, to date, has been an abstract 35 fitness concept. We used complete pedigree data from free-living song sparrows (Melospiza 36 melodia) to demonstrate that individuals' expected genetic contributions stabilise within an 37 observed 20-year time period, allowing individual V i to be evaluated. Considerable among-38 individual variation in V i was evident in both sexes. However, standard short-term metrics of 39 individual fitness, comprising lifespan, lifetime reproductive success and projected growth 40 rate, typically explained less than half the variation. Given these results, we discuss what 41 evolutionary inferences can and cannot be directly drawn from short-term versus longer-term Introduction 46 Appropriately defining and enumerating 'fitness' is fundamental to all theoretical and 47 empirical attempts to explain and predict the dynamics of allele frequencies, phenotypes and 48 populations (de Jong 1994; Day & Otto 2001; Grafen 2006; Orr 2009; Saether & Engen 2015) . 49 Yet it has proved hard to define quantitative metrics of fitness that unify all theoretical and 50 empirical sub-disciplines in evolutionary biology, and to translate theoretically useful concepts 51 into quantities that can feasibly be measured in wild populations (Kozłowski 1993; de Jong 52 1994; Käär & Jokela 1998; Brommer 2000; Metcalf & Parvard 2007; Orr 2009; Hunt & Hodgson 53 2010; Saether & Engen 2015; Grafen 2018) . Perhaps the closest to overarching conceptual 54 unanimity is the broad idea that the 'fittest' alleles, genotypes or individuals are ultimately 55 those that contribute most descendants to a population at some point in the future (Benton 56 & Grant 2000; Day & Otto 2001; Brommer et al. 2002 Brommer et al. , 2004 Hunt et al. 2004; Grafen 2006; 57 Roff 2008; Hunt & Hodgson 2010; Graves & Weinreich 2017 ). Yet, such concepts can seem 58 remote from the short-term metrics of individual fitness that empiricists working on free-living 59 populations commonly aim to measure, which typically comprise simple functions of 60 individuals' realised survival and/or reproductive success (Brommer et al. 2002 (Brommer et al. , 2004 Link et 61 al. 2002; Coulson et al. 2006; Hendry et al. 2018; Wolak et al. 2018 (N) where N is population size (Chang 1999; Barton & Etheridge 2011) . This 77 equals approximately 7, 10 and 13 generations given N = 100, 1000 and 10000 respectively, 78 meaning that V i should be estimable within timeframes that are increasingly within reach of 79 empirical studies of free-living populations, at least for species with moderately short 80 generation times. Further, Barton & Etheridge (2011) showed that an individual's stabilised V i 81 accurately predicts the longer-term probability that a neutral or weakly selected allele carried 82 by that individual will persist in the focal population (versus go extinct). Importantly, this holds 83 true even at the level of single individuals and alleles, not just groups. Consequently, an 84 individual's stabilised V i tightly predicts its longer-term genetic contribution (Barton & 85 Etheridge 2011). 86 These key theoretical results were initially derived assuming idealised conditions of 87 neutral alleles segregating in well-mixed (i.e. random mating, no population structure or 88 subdivision) diploid Wright-Fisher populations with discrete non-overlapping generations and 89 constant population sizes that are sufficiently large to preclude short-term inbreeding. 90 However, they also apply adequately given some population structure and different around the expectation and associated probabilities of allele extinction, cannot be 174 straightforwardly calculated for individuals in complex pedigrees with irregular inbreeding. 175 We therefore used 'gene-dropping' simulations on the observed pedigree to compute key 176 quantities (e.g. MacCluer et al. 1986; Caballero & Toro 2000) . 177 Since song sparrows have considerably overlapping generations (median age at first Information S4) show that most females and males that survived to adulthood made zero 296 contribution to the total extant population 20 years later (i.e. V i =0, Fig. 4 ). This is despite that 297 many individuals had non-zero values for short-term metrics of fitness (e.g. adult LRS 298 14 measured as ringed offspring, Figs. 1, 2 & 4) . The sex-specific distributions of individual V i were 299 consequently highly skewed; few individuals per cohort contributed to the genetic 300 composition of subsequent generations (Fig. 4) . The variance in V i was smaller than the 301 variance in 0.5LRS in both sexes, both across individuals that survived to adulthood and across 302 all hatched individuals, but the CV was slightly larger for V i (Fig. 4) . 303 Individual V i estimated 20 years post-hatch tightly predicted the probability of allele 304 extinction (P E ) during the same timeframe (Fig. 5) , as expected given the typically high P E 305 (Barton & Etheridge 2011). There was substantial variation in the number of allele copies 306 present in the total extant population conditional on allele persistence (i.e. ≥1 copy), both 307 among individuals (Fig. 6) and among gene-drop iterations within individuals (Supporting 308 Information S6). The mean and variance in copy number were both strongly positively 309 associated with individual V i , but the CV was independent of V i on average (Fig. 6 ). This concurs 310 with the expectation that, conditional on allele persistence, the distribution of genetic 311 contributions will be independent of V i (Barton & Etheridge 2011). The tight relationship 312 between V i and P E that is already evident (Fig. 5) ). Indeed, the general failure to measure multi-generation fitness has been highlighted 364 as a short-coming in the context of testing sexual selection theory (Kokko et al. 2003; Hunt et 365 al. 2004 , but see Hunt & Hodgson 2010 . 366 Our analyses of ≥20 years (i.e. ~8 generations on average, Supporting Information S1 367 & S2) of locally complete, accurate, pedigree data from free-living song sparrows showed that 368 individuals' expected genetic contributions to the total extant population stabilised within the 369 observed timeframe (Figs. 1-3) . Individual reproductive value (V i , sensu Barton & Etheridge 370 2011) can consequently be estimated, and showed considerable among-individual variation 371 in both sexes (Fig. 4 ). As expected, V i tightly predicted the short-term probability of allele 372 extinction (or, conversely, persistence), and is therefore likely to be directly informative to which measures of longer-term evolutionary fitness are removed from short-term metrics 415 of phenotypic fitness that are directly observable on individuals (e.g. de Jong 1994). 416 If direct estimation of individual V i is, or soon could be, within reach of at least some 417 field studies, what are its uses? V i substantially provides the correct 'answer' as to which 418 individuals are expected to make longer-term genetic contributions to any focal population, 419 and should therefore represent a focus of adaptive evolution (Grafen 2006; Barton & 420 Etheridge 2011). Yet, V i does not fully describe the mean number of allele copies conditional 421 on persistence (Fig. 6) , which reflects the detailed structures of individuals' pedigrees (Barton 422 & Etheridge 2011; Gravel & Steel 2015). Further, V i is phenomenological, and does not itself 423 provide direct mechanistic insight into the processes or traits that cause long-term outcomes. 424 Observed phenotypic variation of interest could potentially be related to V i rather than to 425 short-term fitness metrics, thereby better capturing associations between phenotypes and 426 longer-term genetic contributions. However, since studies that can quantify individual V i will 427 necessarily have multi-generation pedigree (or genomic) data, such data might often be better 428 deployed to estimate genetic covariances among traits of interest and metrics of fitness that 429 span single generations or other short time intervals. In principle, and conditional on key 
